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To overcome the drawbacks of commercial SPME coatings which contain low 
extraction efficiency, insufficient mechanical and thermal stabilities, we have 
developed new SPME coatings with enhanced stability and extraction efficiency. In 
the first section, we prepared graphene coating using physical deposition, which 
possesses remarkable stability and high extraction efficiency towards pyrethroid 
pesticide. In the second part, a ZnO-C18 coating with large surface area and high 
extraction efficiency for non-polar targets was prepared through hydrothermal method 
and surface silanization. Based on these homemande SPME coating, new methods 
were developed for analysis of organic pollutants in water samples. The contents of 
this dissertation will be demonstrated as follows:  
1 In Chapter I, We have summarized and described a brief introduction to SPME 
technique, including its theories, development of coating and influence factors of 
SPME. The research aim and significance of the current study were also 
discussed.  
2 In Chapter II, graphene (G) was prepared through chemical oxidation and 
reduction of graphite powder. G coating was prepared by immobilizing the 
synthesized graphene on stainless steel wire using physical deposition. Six 
pyrethroid pesticides were selected as target compounds, and the extraction 
efficiency for these targets using the G coating and two kinds of commercial 
coating (PDMS and PDMS/DVB) were systematically compared. The lifespan, 
thermal, chemical and mechanical stabilities of the G coating were evaluated in 
details. In addition, several factors affecting the extraction efficiency of G coating 
were investigated. Combined with GC technology, the SPME method for analyze 
pyrethroid pesticides in pond water samples were developed. 
3 In Chapter III, ZnO nanorod was synthesized directly on the surface of stainless 















obtained by silanizing of ZnO nanorod. Toluene, o-xylene, p-xylene, m-xylene, 
ethylbenzene（BTEX）were selected as non-polar target compounds. The 
extraction efficiencies of the ZnO coating and ZnO-C18 coating were compared. 
The influence factors of the SPME were also investigated. Furthermore, the 
SPME method for detecting the five BTEX in water samples was developed using 
ZnO-C18 SPME coating. 
4 In Chapter IV, the research results were summarized and the developing trend of 
SPME was prospected.  
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第一章 绪 论 
1.1 固相微萃取技术概述 













萃取完成之后，将涂层缩回针管内，并用 GC 或 HPLC 对目标物进行分析检测。 
 
 
图 1.1 Supelco 公司商品化 SPME 装置的萃取纤维和手柄的示意图[10] 
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SPME 的萃取方式主要分为两种：直接固相微萃取法（direct immersed SPME, 










1.2 SPME 涂层 
目标物在样品相与萃取相间的分配系数是决定 SPME 效率 关键的因素，而
决定目标物在两相中分配系数的主要因素是 SPME 的涂层，因此涂层是 SPME
的核心部分，制备各项性能更好的涂层也一直是 SPME 研究工作的重点。目前
已报道的 SPME 涂层种类繁多，从获取方法上分可分为商品化 SPME 涂层和实
验室制备 SPME 涂层。 
1.2.1 商品化 SPME 涂层 
Supelco 公司于 1993 年实现的 SPME 装置的商品化，其中包括 SPME 涂层。
目 前 ， 已 商 品 化 的 SPME 涂 层 主 要 有 以 下 几 种 ： 三 种 PDMS 
（polydimethylsiloxane， 厚度为 7，30 和 100 μm）， PA (polyacrylate，85 μm），
液固混合萃取相的 PDMS/DVB (PDMS/divinylbenzene，60 和 65 μm)，Car/PDMS 
(carboxen/PDMS，75 μm)，  CW/DVB (carbowax/DVB，65 μm)，  CW/TPR 
(CW/templated resin， 50 μm)，DVB/Car/PDMS (30 和 50 μm)和 Car/PEG 
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表 1.1 不同种类的商品化纤维的性质，使用范围及适用分析对象 








7 GC, HPLC 280 
30 GC, HPLC 280 PDMS 
100 GC, HPLC 340 
非极性和挥发性物质，非极性和
半挥发性化合物。 
PA 85 GC, HPLC 320 极性有机物和半挥发化合物。 
60 GC 270 
PDMS/DVB 
65 GC, HPLC 270 
芳烃，挥发性物质，芳香胺 
Car/PDMS 75 GC 320 挥发性物质，碳氢化合物 
CW/DVB 65 GC 260 极性化合物 
CW/TPR 50 HPLC  阴离子表面活性剂，芳香胺 
 
商品化 SPME 涂层的面世，意味着 SPME 技术开始走向标准化，为 SPME
技术的实际应用迈出重要一步，也极大的推广SPME技术的应用范围。随着SPME
技术的应用越来越广泛，目前商品化的萃取涂层已越来越难以能满足各种新领域
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直接使用法，黏合剂法，聚合物法和其他方法等八种。 
















大型仪器和原料[17]而且制备的涂层均匀。Budziak 等[18]以 NiTi 合金为基底，通
过阴极电沉积的方法制备 ZrO2 涂层。该涂层能够有效萃取水溶液中的卤代苯酚，
且热稳定性好，使用寿命长（可重复使用超过 500 次）。Li 等[19]以苯胺稀硫酸溶
液为电解液，采用循环伏安法在不锈钢丝上电沉积聚苯胺，制得聚苯胺涂层。该




了 multiwalled carbon nanotubes/polypyrrole (MWCNTs/Ppy)涂层[21]，该涂层稳定
性好且对菊酯类农药具有良好的萃取效率。 
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